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▼The use of chlorophenol red β-D-galactopyranoside
(CPRG) to detect Escherichia coli β-galactosidase activity has
resulted in the development of a rapid and inexpensive re-
porter assay in transfected mammalian cells that can be
adapted to modern automation techniques (Ref. 1). How-
ever, measured β-galactosidase activity for some promot-
ers was less than twice that of untransfected or mock-
transfected cells, showing that CPRG had limited value for
assay of promoters with low activity.
By increasing the pH of the assay, we have reduced the
activity of endogenous β-galactosidase of cultured cells so
that lower levels of transfected (bacterial) β-galactosidase
can be measured, and induction via low-activity promoters
can be quantitated. We have also found that the CPRG sub-
strate concentration can be reduced, resulting in a reliable
assay with a considerable saving in cost.
HeLa and MM96L human melanoma cells were perma-
nently transfected by electroporation with a sheep met-
allothionein reporter construct, P294MetM3 (Ref. 2) or a
pSAβgeo promoter trap construct (Ref. 3). β-Galactosidase
activity was induced in the former by the addition of
50−100 µM ZnSO4to the culture media (RPMI 1640 culture
media supplemented with 10% fetal calf serum) 24 h prior
to harvesting. The pSAβgeo construct displayed a range of
β-galactosidase expression under the control of various host
cell promoters.
Triton X100 lysates of permanently transfected MM96L
cells expressing high levels of E. coli β-galactosidase were
used to demonstrate the linearity of the assay down to
0.125 mM CPRG (Fig. 1). When the CPRG concentration
was reduced from 8 mM to 1 mM, which gives a rate of
42% of Vmax(Ref. 1), significant changes in absorbance for
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cell lines with very low activity could be measured over
4 h; this assay time can be reduced by incubation at 37◦C.
Combined with halving the reaction volume to 100 µl, the
resulting 16-fold reduction in the amount of CPRG per
assay has reduced the cost for substrate to US$1 per 96
assay microplate making this a very inexpensive reporter
assay.
Using assays at pH 7.4, we found measurable levels of β-
galactosidase activity in cells that were not transfected, as
previously reported (Ref. 1). Mammalian cells have a lysoso-
mal β-galactosidase enzyme with a pH optimum of 3.0−4.5
(Ref. 4). Assays were carried out on a number of untrans-
fected and reporter-transfected cell lines using different pH
phosphate buffers (Fig. 2a) with the addition of 50 µl 1 M
Na2HPO4 to convert all chlorophenol red to the basic form
just prior to measuring the absorbance at 570 nm. The β-
galactosidase of the untransfected lines showed maximum
activity below pH 5 (consistent with an endogenous mam-
malian enzyme) whereas the transfected cell lines showed
maximum activity from pH 7 to 9. The activity of the en-
dogenous mammalian enzyme in the untransfected lines
was reduced fivefold by increasing the pH from 7.4 to
8.3, allowing measurement of lower levels of expression of
transfected LacZ constructs. Low-activity MM96L promoter
trap clones, S26 and G20 (Fig. 2b), had activities threefold
higher than untransfectedMM96L cells when assayed at pH
8.3, but the activity was indistinguishable from the parent
cells at pH 7.4; and a Zn-treated HeLa clone transfected
with P294MetM3 had 2.5 times the activity of untrans-
fected HeLa cells at pH 7.4, and 11 times the activity at
pH 8.3.
In our routine one-step assay, an initial reading is carried
out within a few minutes of adding the CPRG reagent,
and subtracted from a final reading (0.5 h for high activity
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FIGURE 1. Linearity of β-galactosidase assay of cell lysates with varying concentrations of chlorophenol red β-D-galactopyranoside (CPRG). Cell lysates
of MM96L cells permanently transfected with P294MetM3 and induced by 100 µM ZnSO4 were assayed with the CPRG concentrations indicated.
Average values for duplicate wells were calculated from several A570 readings taken over 90 min at room temperature. Correlation coefficients for the
plotted lines are shown in brackets.
cells, up to 4 h for lower activity cells). The increase in
absorbance is linear over 4 h. The greatest experimental
errors in this procedure are in the plating out of equal
numbers of cells per well. However, if care is taken to
ensure that the cells are dissociated (no clumps), and by
pipetting cell suspensions up and down as each aliquot is
taken, we routinely obtain standard deviations of less than
5% in A570 values for triplicate wells. If visual inspection
of drug-treated wells indicates cell losses compared with
controls, or if protein estimations are required for compar-
ison of different cell types, duplicate plates are set up and
assayed in situ by the addition to each microtitre well of
10 µl of 0.01% Triton X100, in 100 mM phosphate buffer
pH 8.3, and then 100 µl of BCA Protein Assay Reagent
(Pierce) as per the manufacturers instructions; standards
are measured using BSA diluted in the same buffer.
The refinements to the CPRG assay reported here allow
us to assay routinely low levels of LacZ β-galactosidase ex-
pression in transiently transfected mammalian cells, result-
ing in a very effective and probably the most inexpensive
method for screening large numbers of mammalian cell
samples for reporter activity. Combined with automated
pipetting and rapid capture of data for computer-assisted
analysis, reporter assays may be more efficient than con-
ventional methods to detect altered gene expression in cul-
tured cells. When applied to screening drugs for effects on
transcription of specific genes in mammalian cells, they
may become a powerful tool in drug design.
Protocol
1. Cells were plated in 96 well microplates (Corning Glass
Works) and treated with inducing agents as required.
When the cells were just confluent, the culture media
was flicked off; at this stage the plates can be stored at
−20◦C.
2. The fresh or rapidly thawed plates were assayed for β-
galactosidase activity by the addition of 100 µl of 1
mM CPRG in 0.01% Triton X100, 1 mM MgCl2, 100
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FIGURE 2. pH dependence of β-galactosidase in cultured cells. (a) pH profile of β-galactosidase activity in cells with (open symbols) and without
(closed symbols) Escherichia coli LacZ (β-galactosidase)reporter constructs. Cells were assayed as described in the protocol, with reagent in 100 mM
phosphate buffer at various pHs. open triangles, HeLa cells transfected with P294MetM3 after 24 h 50 µM ZnSO4; open circles, MM96L promoter trap
clone G143; closed squares, human neonatal fibroblasts; closed triangles, HeLa cells; closed circles, MM96L cells. (b) Detection of low reporter activity at
pH 8.3 using the routine assay protocol. Closed squares, HeLa transfected with P294MetM3 after 24 h 50 µM ZnSO4; and promoter trap clones S26
(closed triangles) and G20 (open triangles). Points are mean and standard deviation (n = 3).
mM phosphate buffer pH 8.3, to each microplate well.
This solution is stable at 4◦C for several weeks.
3. The plates were assayed bymeasuring the change in ab-
sorbance at 570 nm after 0.5−4 h at room temperature
using a 3550 microplate reader (Bio-Rad).
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protein assay: protein assay from Bio-Rad
3550 microplate reader: 3550 microplate reader
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